Summary
We examined the hepatoprotective effect of water-extract from adzuki bean (Vigna angularis) hulls on acetaminophen (AAP)-induced damage in rat liver. F344/DuCrj rats of 8 weeks of age were fed diets without and with 0.5% AAP or besides it 5% adzuki extract (lyophilized) on a daily basis over a period of 4wk. At that time, serum aspartate aminotransferase activity in only AAP-treated group was higher than in both control and AAP plus adzuki extract (AAPA)-treated groups, while hepatic glutathione content and hepatic glutathione reductase and catalase activities in the AAP-treated group were lower than in the control group in contrast to the reverse in the AAPA-treated group. Hepatic phosphatidylcholine hydroperoxide and phosphatidylethanolamine hydroperoxide concen trations were higher in the AAP-treated group than in the control group, and were lower in the AAPA-treated group than in the AAP-treated group. Hepatic glutathione peroxidase activity was higher in the AAP-treated group than in the control group, although there was no significant difference between both AAP-and AAPA-treated groups in this respect. These findings suggest that the adzuki extract will serve as a prophylactic against oxidative dam age to the liver. Key Words water-extract from adzuki bean hulls, acetaminophen-induced hepatic injury, glutathione content, glutathione reductase, phosphatidylcholine hydroperoxide, phosphati dylethanolamine hydroperoxide Some beans are used as staple foods in many coun tries and are receiving increasing attention as a preven tive against coronary heart disease (1, 2). Our previous studies also revealed that some beans improved serum cholesterol in rats (3). Acetaminophen (AAP) is a widely-used analgesic-antipyretic drug, a large dose of which causes hepatic injury in both humans (4) and experimental animals (5, 6 ). This hepatotoxicity is probably related to oxidative stress in the cells ulti mately leading to their demise. Its major metabolite, N -acetal-p-benzoquinone imine, is generally detoxified by conjugation with glutathione (GSH), and attached to other cellular macromolecules (7) . The involvement of oxidative stress has been found in the process of the AAP-induced formation of free radicals, since hepatic lipid peroxidation was elevated after AAP treatment both in vivo (5) and in vitro (8) . Recently, Wu et al. (9) showed that the water-extract from adzuki beans could inhibit AAP-induced hepatic damage. However, in vivo pharmacological studies on the hepatoprotective activ ity of adzuki beans against chemically induced hepatic damage have rarely been published. At present, such a mechanism of protection against AAP-induced hepatic damage remains unclear. The present study aims to clarify the hepatoprotective effect of the water-extract from adzuki bean hulls against AAP-induced toxicity, and to elucidate the underlying mechanism of these effects by animal experiment. 
Results and Discussion
In this study, there were no significant differences in body weight among the groups ( Table 2 ). The liver weight in the control group was 1.2 times higher than in the AAP-treated group, and the feed intake in the AAPA-treated group was significantly higher (p<0.01) than in the AAP-treated group (Table 2) . Administra tion of AAP to rats at doses of 0.5g/100g diet for 4wk caused hepatocellular damage, as indicated by an eleva tion in serum activity (142%) compared with that in the control group (Table 3 ). The hepatic damage was also associated with the increases in hepatic PCOOH and PEOOH levels (171% and 151%, respectively) corm- Table 2 .
Body weight gain, feed intake and liver weight in rats fed experimental diets for 4wk. pared with those in the control group (Table 3) . The AAP-induced alteration in hepatic redox status may therefore be a manifestation of increased oxidative stress caused by AAP metabolism (7) . It has reported in aspects of serum aspartate aminotransferase and ala nine aminotransferase activities that the hepatoprotec tive effects of mung beans and adzuki beans decrease with increasing intraperitoneal injection of AAP up to 500mg/kg body weight (9) . Treatment of rats with adzuki extract at a daily dose of 5g/100g of diet for 4wk inhibited AAP-induced hepatotoxicity, as evi denced by reductions in serum aspartate aminotrans ferase activity (27.9%), and hepatic PCOOH and PEOOH levels (16% and 22.4%, respectively). Since biological membranes contain easily oxidizable polyunsaturated fatty acids, they are particularly vulnerable to radical attack. Thus, adzuki extract is of benefit to protection under such conditions susceptible to oxidative stress as to be induced by AAP metabolites. In the present study, the hepatic GSH level was decreased by 25.9 % in the AAP-treated group. The hepatic GSH level in the AAPA-treated group was signif icantly higher (p<0.05) than in the AAP-treated group (Table 3) . Similarly, GSH reductase activity was signifi cantly (p<0.05) higher in the AAPA-treated group than in the AAP-treated group. These results suggest that the higher hepatic GSH level in the AAPA-treated group relative to the AAP-treated group might have contributed to the prevention of covalent bond between free radical and intermediates and/or have increased to reduce GSSG. Furthermore, it is highly possible that adzuki extract may eliminate reactive intermediates, since Cardador-Martinez et al. (18) have reported that bean hulls exert antioxidative properties, as represented by their capacity to either scavenge free radicals or inhibit lipid peroxidation. The decreases in activities of catalase and GSH peroxidase in AAP-administrated groups suggest the increased lipid peroxide content (19) . The hepatic catalase and GSH peroxidase activities in the AAP-treated group were decreased by 23.5% and 11.2%, respectively (Table 3) . Treatment of rats with adzuki extract at a daily dose of 5g/100g of diet for 4wk elevated hepatic catalase activity. This result was reflected in the observed hepatic lipid peroxide level.
The present findings suggest that adzuki extract can prevent oxidative stress in vivo by virtue of its action as an antioxidant. In this connection, there are two possi ble mechanisms; one is that active components of the adzuki extract efficiently scavenge the free radicals derived from AAP metabolites before their attack upon hepatic membranes so as to inhibit the initiation of autoxidation and prevent oxidative damage thereby (18) ; the other is that they result in activation of the cel lular antioxidative system, as well as an insusceptibility to AAP in the liver because of attenuated GSH concen tration and elevated GSH reductase and catalase activi ties.
In the present study, the AAP-induced hepatotoxicity was actually suppressed in AAPA rats not only by low ering serum aspartate aminotransferase activity and hepatic lipid peroxide concentration but also by elevat ing hepatic GSH concentration and GSH reductase
activity. These results demonstrate the protective action of adzuki extract against AAP-induced hepatotoxicity via hepatic GSH-mediated antioxidation/detoxification system in rat liver. In any event, the hepatoprotective mechanism and the exact nature of active components of adzuki extract remain to be further investigated.
